Laparoscopy and thoracoscopy have been used in the evaluation of injured patients for over 30 years. Despite this long history, indications for use of these techniques remains controversial. The widespread availability of videoscopic equipment which followed the introduction of laparoscopic cholecystectomy increased interest and utilization of minimally invasive techniques in evaluation of trauma patients. Laparoscopy has been most beneficial in the evaluation of hemodynamically stable victims of stabbings and gunshots. This technique has primarily been used to detect peritoneal penetration in tangential wounds of the abdominal wall and for evaluation of the diaphragm in patients with thoracoabdominal wounds. Laparoscopic evaluation in blunt trauma patients is of unproven utility, but has been used in the assessment of patients with documented solid organ injury and in the evaluation of patients with suspected hollow viscus injury. Small subsets of patients are candidates for therapeutic laparoscopic interventions, i.e., suture repair of diaphragmatic lacerations. Thoracoscopy or videoassisted thoracic surgery (VATS) is useful for evaluation of the diaphragm, early evacuation of clotted hemothorax, and assessment of ongoing bleeding.
INTRODUCTION
Evaluation of patients suspected of having intra-abdominal injury remains a challenge for the trauma surgeon. None of the presently available diagnostic tools are completely accurate in the diagnostic assessment of these patients. It is not unusual that a combination of diagnostic modalities such as sonography (FAST), computed tomography (CT), diagnostic peritoneal lavage (DPL), and laparoscopy are used for evaluation. Each of these techniques possesses advantages and disadvantages. Laparoscopy can play an important adjunctive role in the evaluation of these patients, but is certainly not appropriate in all cases.
Laparoscopy has been used sporadically over the past 30 years for the evaluation of abdominal trauma. Utilization of this technique increased rapidly in the decade of the nineties with the wider availability of highly capable videoscopic systems. Laparoscopy has been reported as a useful adjunct for determining the course of tangential abdominal gunshot wounds and stab wounds. Several recent series have documented the utility of laparoscopy for the evaluation of the diaphragm in hemodynamically stable patients with a history of penetrating thoraco-abdominal wounds (1-11). The utility of laparoscopy in the blunt trauma setting is less well documented (12) (13) . This technique has been used for the evaluation of bleeding from hepatic and splenic injuries. Laparoscopically guided blood salvage for autotransfusion has been performed in some centers (13) . More recently, some surgeons have used laparoscopy for assessment of the small bowel in patients suspected of having a classic "seat-belt injury". Laparoscopy has also been used in a very limited fashion as a definitive therapeutic modality in the trauma setting (9-11). For example, laparoscopic repair of small diaphragmatic lacerations has been performed on numerous occasions in several different centers with very good results. Thoracoscopy, or videoassisted thoracic surgery (VATS) has proven useful in a number of centers (14) (15) . Thoracoscopy has proven most useful for assessment of the diaphragm in penetrating wounds of the lower thorax, early evacuation of clotted hemothorax not responsive to tube thoracostomy, identification of the site of hemorrhage in massive hemothorax, assessment for intrapericardial injuries, and assessment of the mediastinum.
PATIENT SELECTION LAPAROSCOPY
The majority of injured patients are not candidates for laparoscopic or thoracoscopic examinations. Any patient with a history of abdominal injury that exhibits hemodynamic instability or obvious intra-abdominal injury should instead be prepared for immediate laparotomy. The experience of several groups indicates that only about 15 percent of patients with suspected intra-abdominal injury are good candidates for laparoscopic evaluation (2, 4, 6, 7, 10). For patients with gunshot wounds, laparoscopy has proved most useful for evaluation of the diaphragm in patients with thoracoabdominal wounds and determination of peritoneal penetration from tangential abdominal wall wounds. In patients with suspected diaphragmatic injuries, care must be taken not to induce a tension pneumothorax with insufflation of pneumoperitoneum. This occurs in approximately 10 % of patients with diaphragmatic laceration. The surgeon who utilizes laparoscopy for the evaluation of diaphragmatic wounds must be prepared to immediately release the pneumoperitoneum and insert a tube thoracostomy and if evidence of tension pneumothorax develops. Patients with mid-abdominal gunshot wounds are not candidates for laparoscopy as this group of patients has a very high incidence of significant intra-abdominal injuries (Fig. 1) .
Patients with stab wounds are more likely to benefit from a laparoscopic examination because as many as 50 percent of these patients do not have significant intra-abdominal injury, even if peritoneal penetration occurs. The purpose of laparoscopy in patients with stab wound is to rule out peritoneal or diaphragmatic penetration (Fig. 2) . Additionally, because of the reduced likelihood of significant intraabdominal injury, more extensive laparoscopic examination may be carried out with assessment of the diaphragm, stomach, colon, and small bowel to rule out the need for conversion to laparotomy. Laparoscopic repair of diaphragmatic injuries and limited hollow viscus injuries secondary to stab wounds have been reported in the literature. Brams et al, reported the successful repair of traumatic gastrotomies secondary to gunshot wound using laparoscopic techniques. Numerous authors have reported suture repair of diaphragmatic lacerations secondary to both gunshot wounds and stab wounds.
The experience of several groups has shown that the use of laparoscopy for the evaluation of penetrating trauma will likely reduce the rate of negative and nontherapeutic laparotomies (2-11). Perhaps, more importantly, laparoscopy has provided a minimally invasive method for assessment of the diaphragm.
A small percentage of patients with a history of blunt abdominal trauma may benefit from laparoscopic evaluation. While laparoscopy provides an excellent method for real time examination of hepatic or splenic lacerations, this is usually not the most efficacious or beneficial method of assessment of these injuries. If a trauma surgeon is skilled in laparoscopic techniques, examination of the small bowel and colon for evidence of blunt injury, such as the so-called "seat belt" injury, may be carried out. Extensive bowel injuries are reliably detected but small enterotomies might easily be overlooked. Therefore, a low threshold for conversion to laparotomy must be maintained in the patient at risk for hollow viscus injury. At this time, inadequate data exist to justify a recommendation for the routine laparoscopic evaluation of blunt trauma patients. THORACOSCOPY Thoracoscopy is useful in the evaluation and treatment of stable patients with chest injury. The technique has been most useful in patients with a history of penetrating injuries of the lower thorax or thoracoabdominal region. Assessment of the entire hemidiaphragm is possible with thoracoscopic techniques. Thoracoscopy provides a superior method for assessment of the posterior aspects of the hemidiaphragm when compared to laparoscopy. Thoracoscopic removal of clotted hemothorax is very useful in patients who have failed trials of multiple tube thoracostomies. Thoracoscopic evacuation of clot is most successful when the technique is utilized within 3 days of the initial injury. Thoracoscopic evacuation of clot that has been present for more than 7 days is difficult and may require conversion to thoracotomy. Thoracoscopy has been successfully used to identify the specific site of hemorrhage in patients with massive hemothorax secondary to intercostal or internal mammary arterial injuries. Thoracoscopic ligation of bleeding vessels has been successfully performed and reported by numerous surgeons (14, 15) . Thoracoscopy has also been used for evaluation of the pericardial space and mediastinal great vessels.
OPERATIVE TECHNIQUE
Standard videoscopic equipment is utilized for both laparoscopic and thoracoscopic trauma evaluation. The laparoscopic examination for trauma is very similar to that of the exam performed for acute abdomen. Usually, the telescope is inserted through a periumbilical incision to provide for examination of all quadrants of the abdomen. Additional operating ports to permit the use of graspers are determined by the area of greatest interest once an initial laparoscopic assessment of the abdomen has been carried out. It is important to insert a nasogastric tube and urinary catheter for gastric and bladder decompression prior to performing laparoscopy in the trauma setting. Most surgeons who perform laparoscopy for trauma prefer a 30 degree angled scope as this provides optimal visualization of difficult areas, such as posterior aspects of the diaphragm.
Carbon dioxide pneumoperitoneum may be used in the trauma setting just as it is for elective laparoscopy. Initial insufflation may be conducted with either a Veress needle or with a Hassan cannula. Initial insufflation pressures in the trauma setting should be limited to 8 to 10 mm Hg in patients with penetrating thoracoabdominal wounds as this will minimize the development of tension pneumothorax in patients with diaphragmatic defects. After the diaphragm has been cleared, insufflation may be increased to 15 mm Hg, as in standard diagnostic laparoscopy. It should be noted that insufflation pneumoperitoneum might induce hypotension in the trauma patient with moderate or severe hypovolemia. Therefore, patients with marginal vital signs should not undergo laparoscopic examination. Venous gas embolism has not been reported in the trauma setting.
If enteric contents or significant hemorrhage are encountered during the initial laparoscopic assessment, then the examination should be halted and conversion to an exploratory laparotomy should be performed without delay. Penetration of the peritoneum secondary to a gunshot wound is also an indication for conversion to a laparotomy. Peritoneal penetration secondary to a stab wound allows a more selective approach to further exploration by laparoscopy. Not all intra-abdominal injuries identified by laparoscopic examination require conversion to laparotomy. For example, if an isolated injury of the liver is visualized and no evidence of active bleeding is noted, conversion to laparotomy is not necessary and would accomplish little for the patient. If the surgeon possesses laparoscopic suturing skills, isolated small diaphragmatic lacerations may be repaired with laparoscopic techniques. Some areas of the abdomen are more difficult to visualize laparoscopically. For example, the posterior aspects of the hemidiaphragms are difficult to examine with laparoscopy and are better visualized with thoracoscopy. Some surgeons have reported difficulty in visualizing the spleen with laparoscopic assessment. However, this can usually be facilitated by rotating the operating table toward the patient's right side and placing the patient in reverse Trendelenburg position. Visualization of the pancreas is usually possible by dividing the gastrocolic ligament and opening the lesser sac so that laparoscopic evaluation may be completed. Additionally, division of the gastrocolic ligament allows visualization of most of the posterior wall of the stomach. Early reports of laparoscopic evaluation of the small bowel were unfavorable. However, as surgeons' laparoscopic skills have improved, complete examination of the small bowel is within the realm of most surgeons' abilities.
Thoracoscopic evaluation should not be performed in unstable patients. The utilization of a double lumen endotracheal tube that allows for deflation of the ipsilateral lung is essential for a successful thoracoscopic examination. Patients who are candidates for thoracoscopic examination should be placed in a lateral decubitus position as is used for posterio-lateral thoracotomy. Previously created tube thoracostomy incisions are used initially for insertion of the thoracoscope and thoracoscopic instruments. Additional 1-2 cm incisions are made as needed. Usually thoracoscopic removal of clot or repair of a diaphragmatic laceration requires the use of 3 or 4 incision sites. Valveless trocars are useful to aid in the passage of thoracoscopic instruments into the operative field. Insufflation of CO 2 gas into the hemithorax is not necessary for exposure.
THERAPEUTIC LAPAROSCOPY AND THORACOSCOPY
A very small percentage of patients who undergo endoscopic evaluation for trauma are candidates for therapeutic interventions (1, 4, 5, 6, 11, 14, 15) . For the most part, these are patients with small diaphragmatic lacerations or an isolated enterotomy. While sporadic reports of laparoscopic repair of other hollow viscus injuries, hepatorrhaphy, and splenorrhaphy have appeared in the literature, too little evidence exists to recommend this approach. Thoracoscopic examination has greater therapeutic utility when compared to laparoscopy. Repair of diaphragmatic lacerations, evacuation of clot, and ligation of injured vessels are more easily accomplished in the thorax.
CONCLUSION
In summary, laparoscopy and thoracoscopy are useful adjuncts for the evaluation of a select group of injured patients. The techniques should be limited to hemodynamically stable patients with clear indica-tions for endoscopic examination. At present, the literature suggests the best indications for laparoscopy are in patients with penetrating trauma who have either tangential injuries of the abdominal wall or injuries of the thoracoabdominal region in which the diaphragm is at risk. Too little data exists regarding other types of injuries to recommend laparoscopic examination for these patients. Therapeutic laparoscopy is of limited benefit and should be used only by experienced laparoscopic surgeons and only for isolated injuries. Thoracoscopy has greater therapeutic potential, but is applicable to a smaller number of patients.
